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This application is being filed on behalf of Vadium Gektin, Shlomo Novotny, and 
Marlin R. Vogel assignors to Sun Microsystems Inc. 

SPECIFICATION 
HEATSINK WITH ACTIVE LIQUID BASE 
FIELD OF THE INVENTION 



The present invention relates to heatsinks for integrated circuits, more 
1 5 specifically an improved heat sink for central processing units (CPUs). 

1. Prior Art 

One side-effect of integrated circuits is that during use, some of the energy that 
20 is consumed is expelled as heat. Thus, there became a requirement to cool the 
integrated circuit during use. The problem of excessive heat buildup within 
integrated circuits has been a design consideration with which designers have had 
to contend with as the chips which house the integrated circuits are made smaller. 

25 Designers have attempted to address the problem in many different ways. In 
one embodiment, a fan may be installed in the enclosure where the circuits reside, 
thereby constantly circulating air within the enclosure and over the chips to 
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remove the excessive heat through the use of convection. Although this method is 
effective and relatively inexpensive to implement there are shortcomings 
associated with it. One of these shortcomings is that the enclosure must be 
designed to maximize air flow over and around the integrated circuits, many times 
5 this cannot be done due to design constraints or the ever pressing desire to make 
products smaller. An additional problem with the use of a fan to introduce air into 
the enclosure is the increased potential for contamination from the environment. 
For example, by constantly drawing air from the surroundings, dirt particles are 
drawn into the enclosure, thereby contaminating the environment. Further still, 
10 externally mounted fans contribute to noise pollution in the work environment. 

Another limitation of providing a fan to cool the chip is that the fan must be 
energized with a power source, thereby requiring a greater amount of power for 
the overall system. An associated problem with the power draw is the generation 
15 of heat from the fan itself, thereby adding to the overall heat generation problem. 

To address these problems finned heat sinks were provided by designers in an 
attempt to dissipate heat from the chip. Typically, these heatsinks are constructed 
having a base with a certain thickness and a plurality of "fins" extending from the 
20 base. In order to effectively cool the chip, the base and fins must be properly 
designed. For example, if the base is to thick then it will retain to much of the 
heat, thereby heating the chip beyond an ideal operating temperature. 
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Alternatively, if the base is to thin, then it will not retain enough heat and will not 
efficiently conduct a sufficient amount of heat away from the chip. Along with 
these considerations special attention must be paid to the design of the fins. If the 
fins are to closely spaced, then the convection currents will be interrupted and heat 
5 will not be effectively carried away from the chip. If the fins are to far apart then 
there will be to little surface area to conduct a sufficient amount of heat away from 
the chip. 



On top of these design problems, the designer must chose the proper 

1:1 10 material to construct the heatsink of. The most ideal material to construct a 

Q 

yj heatsink is copper due to copper's favorable thermodynamic properties. Typically 

ni 

S copper cannot be utilized in heatsink construction because of the overall weight of 

Hi 

Hi the finished heatsink being to great, thereby placing undue stress on the chip. 

o 

W Therefore many times, the designer has to choose another material for the 

ft 15 heatsink, typically aluminum is substituted for copper. 



Another design constraint that the designers must be aware of is the size 
limitation that they may be facing. For example, in some applications there is very 
little space available around the chip, therefore the designer is not able to construct 
20 a heatsink with ideal dimensions, thus leading to another shortcoming of presently 
available designs. 
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To cope with the limited space, sometimes a designer will include a fan in 
combination with the heatsink. Although this combination may seem ideal, the 
addition of the fan brings along with it all of the shortcomings described above. 
Additionally, because a fan was added to the heatsink, a designer may not 
5 maximize the efficiency of the fin design because they are relying upon the fan to 
improve convection of a inefficient design. Thus, when the fan fails this may lead 
to overheating of the chip which ultimately could lead to chip failure. 

An additional shortcoming of a traditional heatsink is that in use, heat is 
transferred from the chip to the base of the heatsink in a non-uniform pattern. 

10 That is, a chip generally will generate a greater amount of heat at its midpoint, 
thus a chip having a heatsink disposed thereon will transfer this heat to the 
midpoint of the base of the heatsink, thereby leaving the corners of the heatsink 
"cold". This leads to an inefficient use of the heatsink because only the center of 
the heatsink is conducting heat from the chip. Therefore, as the heat transfers 

15 through the base into the fins only the fins disposed around and adjacent to the 
midpoint of the heatsink are actually conveying heat from the chip. Thus, the fins 
and the base material disposed about the corners of the heatsink are not being 
utilized to conduct heat away from the chip. 



20 An alternative design to those mentioned above is the use of a fluid-filled 

"chiller" system. This system is comprised of a plate having a fluid passage, at 
least two tubes connected to the plate, and an external refrigeration unit to cool the 
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fluid. In use, the plate is fixedly attached to the chip, one fluid line is connected to 
the plate to supply fluid and a second fluid line is attached to the plate to carry 
away the heated fluid, the two fluid lines are coupled to the refrigeration unit. As 
the chip uses power, heat is produced, this heat is transferred to the plate affixed to 
5 the chip. As fluid flows through the plate the heat in the plate is conducted to the 
fluid. The fluid is then pumped to the refrigeration unit where the heat is removed 
from the fluid and the fluid is cooled to at least room temperature or preferably 
lower, therefore when the fluid enters the plate again the cycle is repeated. 

10 A downside of fluid-filled systems such as those described above is that 

they occupy a considerable amount of space. In certain situations, space is not a 
consideration but for the home consumer or small business owner sometimes this 
can be a consideration. Also, systems such as those described above are very 
complex and costly. Sometimes systems such as these may cost more than the 

15 computer they are designed to be used for. Therefore they are not cost effective 
for home use or mass production. Also, because of the complexity of the system 
and the specialization of refrigeration unit requires someone with special 
knowledge to setup and maintain. A still further limitation of the present fluid 
filled cooling systems is the loss of fluid pressure within the system due to the 

20 amount of tubing that the cooling fluid must pass through. 
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Therefore there is a need to provide an improved heatsink that combines the 
efficiency of a fluid filled system but the simplicity of a aluminum heatsink. 



BRIEF DESCRIPTION OF THE INVENTION 

5 

The present invention is an improved heatsink for cooling integrated 
circuits. The heatsink comprises a body constructed of aluminum or copper or any 
similar materials having good thermodynamic properties. The heatsink further 
includes a plurality of fins, a base, a pump, and a cooling fluid having 

£3 

kj 10 advantageous thermodynamic properties. The base of the heatsink further 
UJ includes at least one chamber to allow a fluid to flow therethrough. 

u In use the fluid is disposed within the chamber of the heatsink, thereby 

yJ creating a sealed environment. A pump is disposed within the base and is in fluid 

if 

S 1 5 communication with the plurality of passages within the chamber in the base. As 
the heat is conducted from the chip into the base of the heatsink, fluid passes over 
the base of the heatsink and the heat is transferred by convection into the fluid that 
is pumped over the base of the heatsink. The fluid is then pumped to a second 
passage disposed underneath the fins of the heatsink. Here the heat contained 
20 within the fluid is transferred to the fins through convection, whereby the fins 
transfer the heat to the surrounding atmosphere through convection. 
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The present invention improves upon the existing heatsink designs because 
the fluid and pump are contained within a single unit, therefore there is no need for 
complicated plumbing in order to use the present invention. Additionally, the 
heatsink of the present invention may be manufactured with hollow passages to 

5 allow fluid to flow therethrough. An added benefit of the hollow passages is the 
reduction of the overall weight of the heatsink, this reduction in weight allows the 
designer to utilize copper for the heatsink. Conventional heatsinks typically 
cannot be manufactured out of copper due to the overall weight of the heatsink. 
As still further benefit of the present invention is the reduction in mechanical 

10 noise. The noise reduction comes from not having an externally mounted fan as 
most heatsinks have. 



BRIEF DESCRIPTION OF THE DRAWINGS 

15 

FIG. 1 Is a top view of the heatsink of the present invention. 



FIG. 2 is a side view of the heatsink of the present invention. 

20 

FIG. 3 is a cross-sectional view of the heatsink of the present invention 
taken about line A-A of Figure 1. 
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FIG. 4 is a cross-sectional view of the heatsink of the present invention 
taken about line C-C of Figure 3. 



FIG. 5 is a side view of a first alternative embodiment of the present 
5 invention. 

FIG. 6 is a cross-sectional view of the first alternative embodiment of the 
present invention. 

10 FIG. 7 is a cross-sectional view of a second alternative embodiment of the 

present invention. 

15 

DETAILED DESCRIPTION OF THE PRESENT INVENTION 

Referring now to FIGS. 1 and 2 there is shown a top view and a side view 
20 of heatsink 100. Heatsink 100 includes a plurality of fins 140 extending from 
base 130. Fins 140 further include first end 141 and second end 143. In one 
embodiment, first end 141 of fins 140 is fixedly attached to base 130. In a 
preferred embodiment, fins 140 are integrated with base 130. Heatsink 100 may 
be constructed of any material having good thermodynamic properties such as 
25 steel, stainless steel, aluminum, magnesium, copper or any other similar material. 
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deferring now to FIG. 3, there is shown a cross-sectional view of heatsink 
L0f6. As shown in FIG. 3, base 130 further includes/ chamber 135 defined by first 
surface 134 and second surface 138. Chamber 135 is further defined by divider 
155 disposed between first surface 134 and secoiid surface 138 of chamber 135. 
Chamber 135 further includes pump 150, pump inlet 152, pump outlet 154, 
cooling fluid 170, flow divider 160a through/l60g, and fluid return apertures 165. 
In use, distal end 131 of base 130 of heatsmk 100 is in contact with heat source H. 
As heat source H generates heat, heat is transferred through distal surface 13 1 to 
10 first surface 134 of heatsink 100 by conduction. Heat within first surface 134 is 
transferred through convection to cooling fluid 170 that is in contact with first 
surface 134. Cooling Fluid 170 thin enters pump intake 152 where pump 150 
then pumps the cooling fluid 17f) from first surface 134 of chamber 135 to first 
surface 161 of divider 155. As the cooling fluid 170 moves over the first surface 
15 161 of divider 155 heat is transferred from the cooling fluid 170 to second surface 
138 of chamber 135 and tJ fins 140. Cooling fluid 170 then is drawn through 
fluid return apertures 165 and back to first surface 134 of chamber 135 to repeat 
the process above. Thar process above is carried out so long as pump 150 is 
energized. In one embodiment, pump 150 is energized from a power source 
20 coupled to the heat source, thus when the heat source is receiving power, pump 
150 also receives piwer. Alternatively, pump 150 may be coupled to a 
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temperature-sensing device, so that pumplSO is energized above a threshold 
temperature until a second lower teffiperature is reached. 



As an example (not shown) a temperature probe may be mounted on a CPU 
5 in a computer, when the temperature reaches T° the pump is energized, thereby 
causing the fluid within heatsink 100 to be circulated within chamber 135, thereby 
removing heat from the CPU, when a lower temperature is obtained the 
temperature probe then disconnects power to pump 150 and fluid circulation 
within chamber 135 ceases. This process would be repeated so long as the 
10 temperature probe is receiving a signal. 

Referring now to FIG. 4, there is shown a cross-sectional view of heatsink 
100 about line C-C of FIG. 3. As shown in FIG. 4 flow dividers 160a through 
160g are disposed upon proximal surface 161 of divider 155 within chamber 135 

15 of base 130. Flow dividers 160a through 160g are designed to maximize fluid 
flow over divider 155 thereby increasing the efficiency of heat transfer from 
cooling fluid 170 to second surface 138 of chamber 135 of base 130 and to fins 
140. Therefore, when designing flow dividers 160a through 160g, the spacing 163 
between the flow dividers 160 may be increased or decreased to increase or 

20 decrease fluid flow between the flow dividers 160. 
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As shown in FIG 4, fluid return apertures 165 are disposed about the 
periphery of chamber 135 and opposite pump outlet 154. In use, cooling fluid 170 
exits pump outlet 154 and flows across divider 155 through flow dividers 160a 
through 160g, then through apertures 165, back to first surface 134 of chamber 

5 135 where the now cooled fluid can absorb more heat from the heat source. In one 
embodiment as shown in FIG. 4, flow dividers 160a through 160g radiate outward 
from pump outlet 154. The embodiment shown in FIG 4 should not be considered 
limiting in any manner and is merely shown for illustrative purposes, the flow 
dividers 160a through 160g may be designed having many different geometries. 

10 For example, flow dividers placed near the edges of divider 155 may have larger 
passages to allow more fluid to flow therethrough, while flow dividers disposed at 
or near the center of divider 155 may be narrower to reduce the fluid flow 
therethrough. 



y 15 As shown in FIGS 3 and 4, pump 150 is disposed within chamber 135 of 

base 130. Thus, the heatsink 100 is a completely sealed unit having only power 
cord 158 extending from base 130. Therefore the danger of having any external 
fluid couplings coming loose is eliminated. Still further, the unitary design 
simplifies the use of the heatsink, not unlike conventional heatsinks, all that would 
20 be required to utilized the heatsink of the present invention is to affix the heatsink 
to a heat source (typically a computer CPU) using known methods and plugging 
the power cord into an available power source within the computer case (such as a 
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power supply connector for a floppy drive or hard drive) or simply plugging the 
cord into a dedicated connector located on the mother board. Therefore with the 
present invention there is no need to have an external unit coupled to the 
computer, nor is there any plumbing requirements. 

5 

Referring now to FIG. 5 there is shown an alternative embodiment of the 
present invention. As shown in FIG. 5, heatsink 500 comprises, base 530 and fins 
540. Base 530 comprises chamber 535 having first surface 534 and second 
surface 538 and a divider 555 disposed adjacent to the first surface 534. Chamber 
10 530 further includes at least one flow divider 565 disposed upon the first surface 
of divider 555. Chamber 530 further includes a fluid outlet 53 1 and fluid inlet 533 
and cooling fluid 570. 

_ — jr\ Xs shown in FIG 5 heatsink 500 further includes pump 550 disposed 
K^fS^acent to base 530. Pump intakeo54 is coupled to and in fluid communication 
/ / with fluid outlet 53 1 and pump/intake 552 is coupled to and in fluid 

j communication with fluid inlet 533. The embodiment as shown in FIG. 5 allows 
pump 1 50 to be replaced in the event of a pump failure. 

20 In use Heatsink 500 is detachably attached to a heat source, such as a 

computer CPU, using methods known in the art. Power cord 558 is connected to 
an appropriate power source within the computer case. Such an appropriate 
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connector would be a spare power cord from the computers power supply or a 
dedicated connector on the computer's motherboard. 

— Inferring now to FIG. 6 tKere is shown a second alternative embodiment of 
the^present invention. As iUostrated in FIG. 6 heatsink 600 comprises a base 630 
and fins 640. Base 630/mrther includes a chamber defined by first surface 634 
and second surface/638. Chamber 635 further includes divider 655 and pump 650 
disposed therein. Divider 655 being disposed adjacent to the first surface 63 1 of 
base 630. / 

Fins 640 include first end 641 and second end 643 and bore 645 disposed 
therebetween. First ends 641 of fins 641 are disposed adjacent to second surface 
138 of base 630 and extend away from base 630. Bore 645 is in fluid 
communication with chamber 635 and cooing fluid 670 within chamber 635. 

In use, heatsink 600 is disposed adjacent to a heat source H (not shown). 
As heat is generated by heat source H, heat is transferred to first surface 634 of 
base 630 by convection. Heat is then transferred to cooling fluid 670 flowing over 
first surface 634 of base 630. Cooling fluid 670 being pumped over first surface 
634 of base 631 by pump 650. Pump 650 then discharges cooling fluid 670 
thorough pump outlet 654. Pump outlet 654 is configured to be in communication 
with first surface 661 of divider 655. Divider 655 may further include flow 
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dividers 665 (not shown) disposed upon first surface 661 and extending therefrom. 
Flow dividers 665 may be arranged to maximize fluid flow over first surface 661 
flow divider 655. In the present embodiment, cooling fluid 670 may also flow into 
bores 645 of fins 640 thereby maximizing heat transfer between the heat source 
,cooling fluid 670, and fins 640. 

deferring now to FIG. 7 there is sjzown a third alternative embodiment of 

present invention. Heatsink 700^ shown in FIG. 7 comprises a base 730, a 
plurality of fins 740 and a fan 790. Base 730 further includes a chamber 735 
defined by first surface 734 and second surface 738. Chamber735 further includes 
divider 755, cooling fhiiyllO and pump 750 disposed therein. Divider 755 is 
disposed adjacent to t^e first surface 734 of chamber 735. 

Fins 740 further include first end 741 and second end 743 extend from the 
second surface 738 of base 730. The spacing and height of fins 740 are dependent 
upon the application of the heat sink. Fan 790 further includes power cord 798 
extending therefrom. Fan 790 is disposed adjacent to the second end 743 of fins 
740. Fan 790 is fixedly attached to the fins 740 either through the use of a 
mechanical fastener such as a screw or bolt or alternatively, fan 790 may be 
fixedly attached to fins 740 with adhesive, such as epoxy or hot glue. 

14 



SUN-P5363 

Fan 790 may be wired in parallel with pump 750, thus when pump 750 is 
energized fan 790 is also energized. Alternatively, Fan 790 may be coupled to a 
separate power source and temperature sensor for independent operation. 



In each of the embodiments discussed above, the heat transfer efficiency 
has been maximized. Unlike conventional heatsinks that may not have heat 
transfer over one hundred percent of their base surface area the present invention 
eliminates cold spots within the heatsink, thereby maximizing the heat transfer 
ability of the heatsink. In any of the above examples and within the claims the 
cooling fluid to be used within the chamber of the heat sink may be any one of the 
following fluids, water, alcohol, propylene glycol, antifreeze, or similar fluids 
having good heat transfer capabilities. 

All of the examples given above and shown in the drawings are for 
exemplary purposes only and should not be considered limiting in any manner. 
The heatsink of the present invention may be affixed to a heat source using 
conventional methods known in the art. For example, the heatsink may include a 
removable clip that is detachably attached to the CPU carrier, or the heatsink may 
be affixed using screws that pass through the heatsink and into a CPU carrier or 
into the motherboard. 



15 



